Inhibition of human immunodeficiency virus type 1 integrase by a hydrophobic cation: the phenanthroline-cuprous complex.
The human immunodeficiency virus type 1 integrase (HIV-1 integrase) is required for integration of a double-stranded DNA copy of the viral RNA genome into a host chromosome and for HIV replication. We have examined the effects of 2:1 1,10-phenanthroline-cuprous complexes on purified HIV-1 integrase. Although the uncomplexed phenanthrolines are not active below 100 microM, four of the cuprous complexes (neocuproine, 4-phenyl neocuproine, 2,3,4,7,8,9-hexamethyl phenanthroline, and 2,3,4,7,8-pentamethyl phenanthroline) have a 50% inhibitory concentration (IC50) for integration ranging between 1 and 10 microM. Disintegration is also inhibited by these phenanthroline-cuprous complexes at slightly higher concentrations (between 10 and 40 microM). Dialysis experiments showed that the inhibition is reversible and kinetic analyses revealed that the mode of inhibition by these cuprous complexes appears to be noncompetitive with respect to the substrate DNA. Consistent with these findings, binding assays demonstrate that, although these complexes can inhibit binding to DNA at high concentrations, they do not inhibit binding of integrase to the DNA substrate at their IC50 values. Because these complexes do not bind to B-DNA below 50 microM, inhibition via binding to a specific region on the enzyme was examined. Using deletion mutants of integrase, it was determined that neither the amino-terminal (zinc finger) nor the carboxy-terminal (DNA-binding) integrase domain is required for inhibition by the phenanthroline-cuprous complexes. Therefore, inhibition via binding to the enzyme catalytic core or to the interface between the enzyme and a noncanonical DNA structure generated during the enzymatic reaction is the probable mechanism. These results suggest the utility of neocuproine-cuprous complexes in developing inhibitors of HIV-1 integrase as well as probes for drug-binding sites and enzymatic reaction mechanism.